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Background. Primary central nervous system lymphomas (PCNSL) are rare variants of extranodal non-Hodgkin's lym- 
phomas that are nowadays primarily treated with high-dose methotrexate or methotrexate-based chemotherapy 
with or without radiation therapy. The optimal treatment of PCNSL is still unknown and there are differences in clinical 
practice. 

Patients and methods. With a retrospective research we evaluated our series of patients with PCNSL in regards to 
the patient's characteristics, treatment results, disease specific survival and overall survival. Fifty nine patients who at- 
tended the Institute of Oncology Ljubljana between 1 995 and 201 0 were treated according to the protocol that was 
valid at the time of the patient's admission. Between 1 995 and 1 999, the systemic treatment was classical CHOP (cy- 
clophosphamide, doxorubicin, vincristine, steroids) chemotherapy, and later on high-dose methotrexate either alone 
or in combination with other agents. From 1999 onwards, radiation therapy was applied according to the patient's 
age and response to chemotherapy, prior to that all patients treated with CHOP were also irradiated. Patients ineligi- 
ble for the systemic treatment were treated with sole radiation therapy. 

Results. There was a strong female predominance in our series and the median age at diagnosis was 59.8 years. 
Patients had predominantly aggressive B cell lymphomas (69.5%), one patient had marginal cell lymphoma and 
two patients T cell lymphoma. In total, 20.3% of patients were treated just with chemotherapy, 33.9% with combined 
therapy and 42.4% with sole radiation therapy. The overall response rate to the primary treatment in patients treated 
with sole chemotherapy was 33.3%, in patients treated with combined therapy 65% and in patients treated only 
with radiation therapy 56%, respectively. In terms of response duration, significantly better results were achieved 
with combined therapy or radiation therapy alone compared to sole chemotherapy (p<0.0006). The median overall 
survival of the whole cohort was 1 1 months and the overall survival was significantly affected by the patient's age. 
The longest overall survival was observed in patients treated with combined therapy (median survival of 39 months). 
Patients treated just with radiation therapy had a median overall survival of 9 months and those treated with sole 
chemotherapy of 4.5 months, respectively. 

Conclusions. The treatment outcomes in ordinary clinical practice are definitely inferior to the ones reported in clini- 
cal trials. The now standard treatment with high-dose methotrexate with or without radiation therapy is sometimes 
too aggressive and, therefore, a careful selection on the basis of patient's age, performance status and concomitant 
diseases of those eligible for such treatment is mandatory. According to our results from a retrospective study, radia- 
tion therapy should not be excluded from the primary treatment. 
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Introduction 

Primary central nervous system lymphomas 
(PCNSL) are quite rare variants of extranodal non- 
Hodgkin's lymphomas (NHL) that involve the 
brain, eyes, leptomeninges or spinal cord without 
evidence of systemic disease. 12 The largest part of 
cases of non-AIDS related PCNSL are diagnosed in 
patients between 45 and 70 years of age. 3 4 The inci- 
dence increases with advancing age and just a few 
cases have been reported in children where more 
frequently other tumors of the central nervous sys- 
tem are observed. 5 - 6 Men and women are reported 
to be equally affected. 

The most important risk factor for the develop- 
ment of PCNSL is immunodeficiency (e.g. HIV in- 
fection, iatrogenic immune suppression, congeni- 
tal immune deficiency) and this may play a role in 
the pathogenesis of disease. 7 - 8 Five distinct clinico- 
pathological entities have been described - intrac- 
ranial lesion (solitary or multiple); diffuse leptome- 
ningeal or periventricular lesions; vitreous/uveal 
deposits; intradural spinal cord lesion and nerve 
seeking lymphoma (neurolymphomatosis). 4 - 5 - 9 

Presenting symptoms and signs of the disease 
vary, depending on the site of the involvement and 
they may include focal neurological deficits, neu- 
ropsychiatric symptoms, signs of raised intracra- 
nial pressure, seizures, and ocular symptoms - as 
they appear in other primary or secondary brain 
tumors. 10 " 12 

Untreated PCNSL have a rapidly fatal course, 
with a survival of approximately 1.5 months from 
the time of diagnosis. Survival after the whole 
brain radiation therapy ranges from 10 to 18 
months, but was reported to rise to an average of 
44 months following chemotherapy and radiation 
therapy, or chemotherapy alone. 1319 Yet, radiation 
therapy is associated with a high incidence of neu- 
rotoxicity, which is however not seen after the ra- 
diation therapy of patients with brain metastases 
of solid tumors because of their shorter survival or 
lower tumor dose. 20 Although currently available 
therapeutic regimes prolong the survival, they are 
in contrast to therapies used to treat systemic lym- 
phomas, 21 - 22 not curative in most patients. 

The optimal treatment of PCNSL is unknown 
and there are differences in clinical practice. The 
PCNSL are primarily treated with a high-dose 
methotrexate or methotrexate-based chemothera- 
py with or without radiation therapy. The role of 
radiation therapy is controversial due to its late tox- 
icity, especially in older adults . 17 " 19 - 23-27 Treatment 
decisions should, therefore, take into consideration 



both response rates and impact on the quality of 
life. 

With this retrospective research we evaluated 
our series of patients with PCNSL in regards to the 
patient's characteristics, treatment results, disease 
specific survival and overall survival. 

Patients and methods 

Fifty nine patients with PCNSL who attended 
the Institute of Oncology Ljubljana between 1995 
and 2010 were identified from the database of the 
Cancer Registry of Slovenia. Patients who had any 
evidence of systemic disease (i.e. 10 patients from 
the primary database) were excluded from further 
evaluation. Patients with PCNSL were treated ac- 
cording to the protocol that was valid at the time of 
the patient's admission. Between 1995 and 1999, pa- 
tients were treated with classical CHOP (cyclophos- 
phamide, doxorubicin, vincristine, steroids) chem- 
otherapy, intrathecal applications of methotrexate 
and cytarabine and radiation therapy (radiation to 
the whole brain with 30-36 Gy and 10 to 14 Gy boost 
on primary tumor localization). Those ineligible for 
systemic therapy were treated with radiation thera- 
py only. From 1999 onwards, patients were treated 
with a high-dose methotrexate (3 to 5 g/m 2 ) either 
alone or in combination with a high-dose cytara- 
bine (2 to 3 g/m 2 twice daily for two consecutive 
days) or other blood-brain barrier passing agents 
(vincristine, procarbazine, carmustine). Radiation 
therapy was applied according to the patient's age 
and response to chemotherapy. The patients' char- 
acteristics, patohistological diagnosis, disease stage, 
response to treatment and survival data were taken 
from patients' records. The treatment response was 
re-evaluated according to the International Primary 
CNS Lymphoma Collaborative Group Guidelines 
for Response Assessment 28 and the disease-free and 
overall survivals were assessed by means of Kaplan 
Meier survival curves. For the determination of sta- 
tistical differences the log rank test and Chi-square 
test were applied. 

Results 

Patients' characteristics and treatment 

The patients' characteristics are given in Table 1. 
None of the patients was HIV positive. Patients 
had predominantly aggressive B cell lymphomas 
(69.5%), one patient had marginal cell lymphoma 
and two patients T cell lymphoma (3.4%). Majority 
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TABLE 1. Characteristics of 59 patients with primary central 
nervous system lymphomas 



Gender 


Males 20; 
Females 39 


F/M ratio: 
1.95 


Age at diagnosis 


14-85 years 


Median: 
59.8 years 


Histology 






Diffuse large B cell lymphoma 


39 


66.1% 


(DLBCL) 


Immunoblastic lymphoma 


1 


1.7% 


Burkitt's lymphoma 


1 


1.7% 


Marginal cell lymphoma 


1 


1.7% 


Unspecified B cell lymphoma 


15 


25.4% 


T cell lymphoma 


2 


3.4% 


Site of disease 






Cerebral hemisphere 


ZU 


0O.7 /o 


Deep structures 


on 
jZ 


04-Z/o 


Cerebellum 


3 


5.1% 


Spinal cord 


4 


6.8% 


Multiple lesions 






Yes 


20 


33.9% 


Positive cerebrospinal fluid 






cytology 






Yes 


6 


10.2% 


No 


51 


86.4% 


Unknown 


2 


3.4% 


Leptomeningeal involvement 






(MRI or positive CSF cytology) 






res 


1 1 


1 O-6/o 


INO 


A 7 

4/ 


70 7^7 


Unknown 


1 
1 


1 ~7®7 
1 .//o 


Performance status 






(ECOG) prior to treatment 






0 


3 


5.1% 


1 


13 


22.0% 


2 


2 


3.4% 


3 


10 


1 6.9% 


4 


30 


50.8% 


Unknown 


1 


1.7% 


Serious concomitant diseases 






Yes 


13 


22.0% 


IPI 






0 


3 


5.1% 


1 


5 


8.5% 


2 


18 


30.5% 


3 


16 


27.1% 


4 


8 


13.6% 


Undetermined 


9 


1 5.3% 



MRI = magnetic resonance imaging; CSF = cerebrospinal fluid; ECOG = 
Eastern Cooperative Oncology Group; IPI = international prognostic index 



TABLE 2. Primary treatment of primary central nervous system 
lymphomas 

Surgery 

None 5 3.4% 

Biopsy 22 37.3% 

Radical 19 32.2% 

Nonradical 13 22.0% 

Chemotherapy (CHT) 

None 27 45.8% 

HDMTX 17 28.8% 

Other 1 5 25.4% 

Radiation therapy (RT) 

None 14 23.7% 

Radical 37 62.7% 

Nonradical 8 13.6% 

Primary treatment 

CHT 12 20.3% 

CHT + radical RT 19 32.2% 

CHT + palliative RT 1 1 .7% 

RT 25 42.4% 

Radical surgery 2 3.4% 

HD MTX - high dose methotrexote 



of patients (93.2%) had intracranial lesions and in 
twenty (33.2%) these lesions were multiple. Deep 
brain structures were affected in 54.2% of patients. 
The leptomeningeal involvement was confirmed in 
18.6% of the patients, cerebrospinal fluid cytology 
was positive in 10.2% of patients. Spinal cord le- 
sions were detected in 6.8% of patients, while vitre- 
ous/uveal deposits and nerve seeking lymphoma 
have not been observed in our series. 

Performance status prior to the treatment was 
poor, 71.1% of patients had the performance status 
of 2 or more. Thirteen patients also suffered from 
serious concomitant diseases. The international 
prognostic index (IPI) fell in the high intermediate 
or in the high risk group in 40.7% of patients. The 
prognostic factors reported by the International 
Extranodal Lymphoma study group were not fol- 
lowed systematically because the data on elevated 
cerebrospinal fluid (CSF) protein concentration 
were frequently not precise in patients' records. 

Details on the primary treatment are given in 
Table 2. Just five patients had no surgery, while 
all the others had at least stereotactic biopsy to di- 
agnose lymphoma. Chemotherapy was given to 
54.2% of patients, slightly more than half of them 
received a high-dose methotrexate either as a sin- 
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gle agent (two patients) or in combination with a 
high-dose cytarabine (nine patients), CHOP (one 
patient) or with other blood-brain barrier pass- 
ing agents (five patients). Fifteen patients received 
other regimens - eight patients from the beginning 
of our series (i.e. prior to 1999) were treated with 
CHOP and seven patients with either middle-dose 
(500 mg/m 2 ) methotrexate (five patients) or just cor- 
ticosteroids (two patients). Patients received medi- 
an 4 cycles of CHOP chemotherapy (range 2 to 6), 
median 3 cycles of high-dose methotrexate (range 
1 to 6) and median 3 cycles of high-dose metho- 
trexate when combined with high-dose cytarabine 
(range 1 to 4). Twenty patients were treated after 
chemotherapy also with radiation therapy (one in a 
palliative setting) and in twenty-five patients radi- 
ation therapy was the only primary treatment. Two 
patients were treated just with radical surgery. 

Treatment outcomes 

The overall response rate to the primary treatment 
in patients treated with sole chemotherapy was 
33.3%, in patients treated with chemotherapy fol- 
lowed by radiation therapy 65% and in patients 
treated only with radiation therapy 56%, respec- 
tively. In total, nineteen patients (57.6%) relapsed 
from the achieved complete or partial response. In 
fifteen patients, the relapse occurred in the central 
nervous system (CNS) (one of them had a concomi- 
tant systemic relapse) while five patients relapsed 
just outside the CNS. The disease-free survival for 
different treatment modalities is given in Figure 1. 
In terms of response duration, significantly better 
results were achieved with the combined therapy 
or radiation therapy alone compared to sole chem- 
otherapy or radical surgery (p<0.0006). 

When taking in account different chemotherapy 
regimens, the best outcomes were achieved with 
the combination of a high-dose methotrexate and a 
high-dose cytarabine since the overall response rate 
was 55.5%. In this group, three patients achieved 
complete remission and two patients partial remis- 
sion all of them except one receiving a full course 
of treatment (4 cycles). In three patients, stable dis- 
ease was observed after 2 cycles and another pa- 
tient progressed after the first cycle. However, the 
disease-free survival was better in case of CHOP 
regimen (which was in all cases followed with ra- 
diation therapy) compared to regimens compris- 
ing a high-dose methotrexate, yet insignificantly 
(p=0.29) (Figure 2). 

The median overall survival of the whole cohort 
was 11 months (95% CI: 0.71 - 21.29) The overall 
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survival was significantly affected by patient's age 

- the median overall survival in patients aged be- 
low 60 years was namely 27 months (95% CI: 0.00 

- 71.96) while in patients aged over 60 years it was 
just 7 months (95% CI: 2.81 - 11.19) (p=0.006). Six 
patients (10%) survived more than 105 months af- 
ter the diagnosis of PCNSL has been made - all of 
them were aged below 60 years. Altogether, these 
patients had the diffuse large B cell histology and 
were treated as follows: three patients with radical 
radiotherapy, one with a high-dose methotrexate 
and radiation therapy, one with CHOP chemo- 
therapy and radiation therapy and one with dexa- 
methasone and radiation therapy. 

The overall survival for different treatment mo- 
dalities is presented in Figure 3. The longest overall 
survival was observed in patients treated with the 
combined treatment (median survival of 39 months, 
95% CI: 10.41 - 67.59). This group comprised eight 
patients treated systemically with CHOP regimen, 
nine patients treated with a high-dose methotrex- 
ate (either as a single agent or in combination with 
other agents) and two patients treated with cor- 
ticosteroids. Patients treated just with radiation 
therapy had a median overall survival of 9 months 
(95% CI: 4.14 - 13.87) and those treated with sole 
chemotherapy of 4.5 months (95% CI: 1.74 - 6.26), 
respectively. The group of patients treated with 
sole chemotherapy comprised eight patients treat- 
ed with a high-dose methotrexate (either as a sin- 
gle agent or in combination with other agents) and 
four patients treated with a middle-dose metho- 
trexate in combination with other blood-brain 
barrier passing agents. Just four of these patients 
achieved the complete remission with the primary 
systemic treatment while the others either pro- 
gressed in the course of the systemic therapy (five 
patients) or died of treatment complications (three 
patients). The differences between the curves were 
not statistically significant (p=0.069). All three toxic 



deaths occurred in episodes of febrile neutropenia 
in patients suffering from severe mucositis follow- 
ing a high-dose methotrexate. Surprisingly, no 
toxic deaths were observed in the group of patients 
receiving a high-dose methotrexate in combination 
with a high-dose cytarabine. 

As for different chemotherapeutic regimens, 
again the longest median overall survival was 
achieved with the CHOP regimen (median 26 
months, 95% CI: 13.91 - 36.09). Yet, we have to take 
in account that all these patients were also treated 
with radiation therapy. The differences between 
the survival curves were statistically insignificant 
(p=0.93) (Figure 4). On the other hand, the overall 
survival of the subgroup of patients treated with 
a high-dose methotrexate and a high-dose cytara- 
bine was longer (yet insignificantly) compared to 
other patients treated with a high-dose methotrex- 
ate (33 months, 95% CI: 12.01 - 53.99, versus 22 
months, 95% CI: 0.30 - 43.70). 

Finally, we also determined the overall survival 
of patients in different international prognostic in- 
dex (IPI) categories (Figure 5). The median over- 
all survival of the low risk group was 26 months 
(95% CI: 8.37 - 41.63) and 39 months (95% CI: 0.00 
- 101.98) in the low intermediate risk group, re- 
spectively. As expected, the median overall surviv- 
al was shorter in the high intermediate risk group 
(6.5 months, 95% CI: 0.00 - 12.84) and in the high 
risk group (3.5 months, 95% CI: 0.23 - 5.77). The 
differences between the curves were insignificant 
(p=0.27). 



Discussion 

In the article, the PCNSL patients treated at the 
Institute of Oncology Ljubljana between 1995 and 
2010 were analysed in regards to the patient's char- 
acteristics, treatment results, disease specific sur- 
vival and overall survival. 

Our series included almost twice as many fe- 
males as males. This is different from the reports 
of Villano et al. 2 and Uhm et al. 29 who reported male 
predominance in their series. Only Lim et al. 30 re- 
ported female predominance but in PCNSL other 
than the diffuse large B cell lymphoma. The me- 
dian age at diagnosis of PCNSL in immunocom- 
petent patients was reported to be 55 years 31 which 
is slightly lower compared to the median age of 
59.8 years in our patients. The diagnosis of PCNSL 
was made by the histological examination of a ste- 
reotactic biopsy in 22 patients and by the partial or 
radical resection in 32 patients. In 5 patients, the 



Radiol Oncol 20 1 2; 46(4): 346-353. 



Jezersek Novakovic B / Primary central nervous system lymphomas 



351 



diagnosis was due to their poor performance sta- 
tus established by the cytological examination of 
the cerebrospinal fluid. Patients had predominant- 
ly aggressive B cell lymphomas (69.5%), among 
which there were 39 cases (66%) of the diffuse large 
B cell lymphoma, one case of immunoblastic lym- 
phoma and one case of Burkitt's lymphoma. One 
patient had marginal cell lymphoma (1.7%) and 
two patients T cell lymphoma (3.4%). In fifteen pa- 
tients we diagnosed unspecified B cell lymphomas. 
The percentage of aggressive lymphomas is lower 
than the one reported by Miller et al. (89%) 3 , most 
probably on account of a large proportion of deter- 
mined unspecified B cell lymphomas. We believe 
that with a more adequate surgical sampling and if 
the patients had not received corticosteroids prior 
to the procedure, the percentage of unspecified 
B cell lymphomas would have been lower, most 
probably on account of a higher proportion of the 
aggressive B cell lymphomas. 

Multiple lesions were detected in 33.2% of pa- 
tients which is substantially lower than 66% report- 
ed by Uhm et al. 29 Also the involvement of deep 
brain structures (54.2%) was in our series observed 
more rarely than in the study of Uhm et al. 29 where 
they found it in 78% of patients. Leptomeningeal 
involvement was identified in 18.6% of the patients 
and cerebrospinal fluid cytology was positive in 
10.2% of patients while Uhm et al. 29 reported of 
38% of patients with the diffuse large B cell PCNSL 
having positive cerebrospinal fluid cytology. The 
majority of our patients showed poor performance 
status since 67.7% had the performance status of 
3 and 4. The series of Lim et al. 30 and Uhm et al. 29 
on the other hand included just 13% and 38% of 
patients with performance status of 3 and 4, respec- 
tively. Moreover, 22% of our patients suffered from 
serious concomitant diseases. 

Two patients were, because of their poor per- 
formance status, treated just with radical surgery, 
they survived one and five months from the di- 
agnosis of PCNSL, respectively. Prior to 1999, all 
patients eligible for the systemic treatment were 
treated with CHOP chemotherapy and intrathe- 
cal applications of chemotherapy, which was in 
all cases combined with radical radiotherapy. 
Surprisingly, in these patients the overall response 
rate to chemotherapy was 25%, however, the com- 
plete response was achieved in six patients (75%) 
following primary chemotherapy and radiother- 
apy. The median overall survival in this group 
was 26 months which was longer than in patients 
treated with a high-dose methotrexate (22 months) 
but shorter than in the subgroup of patients treated 



with a high-dose methotrexate in combination with 
a high-dose cytarabine (33 months). There was also 
one long term survivor (more than 105 months) in 
this group. These observations are discordant with 
the observations of O'Neill et al., Schultz et al., and 
Shibamoto et al., who obtained unsatisfactory re- 
sults with the anthracyclines and cyclophospha- 
mide in combination with radiotherapy. 23 - 24 ' 32 On 
the other hand, treatment results with a high-dose 
methotrexate (alone or in combinations) in our se- 
ries were inferior to the ones reported in the litera- 
ture. Namely, the overall response rate of 55.5% in 
case of combination of a high-dose methotrexate 
and a high-dose cytarabine was lower than the one 
reported for a high-dose methotrexate in mono- 
therapy by Glass et al. 33 and other authors 1434 and 
substantially lower than the 69% overall response 
rate reported by Ferreri et al. with the same combi- 
nation in a randomized trial. 35 Also, the survival in 
the group receiving a high-dose methotrexate regi- 
mens (46.3% at two years) was inferior to the two 
year survival of 60-65% reported by the same au- 
thors. 14 ' 33 - 34 We can only speculate about the under- 
lying causes for such discrepant results between 
CHOP and high-dose methotrexate treatments. 
First of all, all patients treated with CHOP were 
also treated with radical radiotherapy while in the 
group of patients treated with a high-dose metho- 
trexate only nine (52.9%) were irradiated. There 
were also three treatment related deaths in the 
group of patients who received methotrexate sug- 
gesting that this kind of treatment might possibly 
be too aggressive for some of them. Hypothetically, 
the fundamental shift in the biology of the PCNSLs 
between 1958 and 1989 described by Miller et al. 3 
could be another explanation since our patients 
were treated with CHOP just until 1999. 

Most consistent results in our series were ob- 
tained with radiation therapy - namely, the over- 
all response rate was 56% in patients treated with 
sole radiotherapy and 65% in those treated with 
combined therapy. Also the median disease-free 
survival in our group of patients treated just with 
radiation therapy was longer compared to the data 
of Nelson et al. 36 and Laack et al. 37 who reported 
that the disease recurred in more than 90% of pa- 
tients within one year of treatment. The median 
overall survival of this group, however, was just 
9 months compared to a median survival time of 
23 or 6 to 8 months for those less than or greater 
than 60 years of age, respectively, reported by the 
same authors. 36 - 37 Still, the five year overall survival 
was 32% which is higher than 3%-26% reported by 
Nelson et al. 36 and Laperriere et al. 3S Three out of six 
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long term survivors were treated just with the radi- 
cal radiation therapy. The median disease-free sur- 
vival of patients treated with chemotherapy com- 
bined with the radiation therapy was 23 months 
and the median overall survival 39 months, respec- 
tively. This strategy produced a five year survival 
of 23.2% falling in the range of 22%-40% reported 
by other authors. 13 39 - 40 Again, three out of six long 
term survivors were treated with the combined 
therapy. 

The overall survival in our series was signifi- 
cantly affected by the patient's age - it was name- 
ly substantially shorter in patients aged over 60 
years. This is in agreement with other reports of 
treatment results of central nervous system tu- 
mors io,i3,23,24,4i on the other hand, the IPI that had 
been established as a good predictor of the survival 
in patients with systemic aggressive lymphomas, 
however, in case of PCNSL did not prove espe- 
cially informative. Possibly this goes at least par- 
tially on account of a large proportion of patients 
in whom the IPI remained undetermined. 

In conclusion, the treatment outcomes in ordi- 
nary clinical practice are definitely inferior to the 
ones reported in clinical trials. The now stand- 
ard treatment with a high-dose methotrexate or 
methotrexate-based chemotherapy with or with- 
out radiation therapy is sometimes too aggressive 
and, therefore, a careful selection on the basis of 
the patient's age, performance status and concomi- 
tant diseases of those eligible for such treatment is 
mandatory. According to our results, the radiation 
therapy should not be excluded from the primary 
treatment. These recommendations are, however, 
based on a retrospective study. 
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